Fluoride inhibition of inorganic pyrophosphatase. II. Isolation and characterization of a covalent intermediate between enzyme and entire substrate molecule.
A presumed pyrophosphoryl-enzyme intermediate of the reaction catalyzed by bakers' yeast inorganic pyrophosphatase pyrophosphate phosphohydrolase, EC 3.6.1.1) has been isolated using fluoride-mediated inactivation of the enzyme during catalysis. The analysis of the F--inactivated pyrophosphatase revealed the presence of one molecule of PPi and one atom of fluoride per active site. The incubation of the inactivated enzyme at 25 degrees C and pH 7.2 resulted in gradual recovery of catalytic activity and concomitant removal of PPi by a first-order reaction with tau1/2 of 1 h. The digestion of the F--treated pyrophosphatase with pepsin yielded phosphorous-containing peptides, which were reduced with NaBH4 and gave homoserine and homoserine lactone after acid hydrolysis. This suggests that the PPi residue is linked to the protein through a bond of an acyl phosphate type involving the beta-COOH function of aspartic acid. Together with the results of the kinetic studies of fluoride inhibition of pyrophosphatase reported in accompanying papers, these findings strongly indicate that the enzyme-substrate compound stabilized by fluoride is a transient of the catalytic reaction.